Taking advantage of transgenic mice with genetically labeled GABA-releasing interneurons, we examined the cell-specific patterns of mGluR expression in two broadly defined subtypes of inhibitory interneurons in layer IV of somatosensory 3
Introduction
As the major excitatory neurotransmitter in the mammalian brain, glutamate can activate both fast excitatory synaptic potentials by ionotropic glutamate receptors (Fig. 1) , and the rest are predominantly RSNP cells. We used the GAD65-eGFP mouse and the GAD67-eGFP mouse to examine cell-type specific mGluR expression and modulation in the barrel cortex. At postnatal day 30 (P30), the GAD-GFP transgenic mice were given a lethal injection of Nembutal and perfused intracardially with 0.9% sodium chloride, followed by 4% paraformaldehyde. The brain was then removed, and the whole cortex was dissected. Thalamocortical (TC) sections were prepared based on methods described by Agmon and Connors (1991) . Then the tissues were cryoprotected in 30% sucrose, and later cut into 40 µm sections to be processed for 6 fluorescent staining. TC sections were used to obtain an optimal barrel related expression pattern and barrel-specific intracellular electrophysiological recordings.
Materials and Methods

Animals and treatment groups
Immunohistochemistry and fluorescent labeling. Sections were incubated in 0.6% H 2 O 2 for 30 minutes, PBS washed, switched to 50% alcohol for 10 minutes, PBS washed, then incubated in TBS with 0.5% Triton X-100, 2% BSA and 10% normal goat serum for 2 hours, and incubated in primary antibodies directed against the following: PV (parvalbumin ,1:1000, Millipore, Billerica, MA), mGluR1 (1:500, Millipore, Billerica, MA), mGluR2/3 (1:500, Millipore, Billerica, MA), mGluR5 (1:500, Millipore, Billerica, MA), mGluR8 (1:500, Millipore, Billerica, MA) and VGLUT2
(1:500, Millipore, Billerica, MA) overnight. The next day, after PBS rinsing, sections were incubated in Alexa Fluor 594, goat anti-rabbit IgG (heavy and light chains; Anova analyses were used to examine statistical significance and p<0.05 was considered to be significantly different.
Results
Two subtypes of interneurons are distinguished by firing properties. We used two strains of GAD-GFP mice to improve the success rate for differentiating physiologically distinct interneurons. In the GAD65-GFP mice, the PV containing subpopulation of interneurons do not express GFP but the regular spiking non-pyramidal (RSNP) cells do (Fig 1) . On the other hand, in the GAD67-GFP mice most of the GFP expressing interneurons are PV-positive (Fig 1) . This correlation is further characterized with electrophysiological recordings (Fig1&2). Based on this difference in the cell type-specificity in GFP expression, 100% of the GFP positive neurons in the GAD65-GFP mice were RSNP interneurons (Fig 1, n=20) . In contrast, 82±5% GFP-positive cells (n=23) from the GAD67-GFP mice were fast-spiking (FS) interneurons (Fig 1) . In 8/8 GAD67-GFP and PV+ positive cells (100%), all were found to exhibit FS firing properties ( Fig.1D2 &E2) . Thus the two populations of GFP positive interneurons (GAD65 &GAD67) were used to improve success rates for recording from physiologically distinct interneurons (RSNP vs. FS). RSNP cells generated adapting trains of spikes (e.g. Fig. 1 ), a lack of fast AHPs (e.g. (Fig 2) , dendrites of RSNP cells cover a much larger area than FS cells (Fig 2, n=6 in RSNP and n=4 FS cells). These differences provide an opportunity for studying the cell-type specific effects of mGluRs. (Fig 1A &D2 ). In contrast, the expression of PV was always consistent with the FS firing types in layer IV (n=8 100%, Fig 1D1 vs. D2 ). We next examined the expression of mGluRs in these cells. As shown in Fig 3, the expression of mGluR2/3 (Group II) and mGluR5 (Group I) were more abundant in the GAD65-GFP interneurons than PV+ neurons, suggesting that these receptors were more abundant in RSNP cells than FS cells. The mGluR1 receptors were also found in both GAD65-GFP (not shown) and PV+ cells (Fig 4D1 &E1) , however, there were stronger mGluR-IR in PV+ cells (Fig 3C1) . Furthermore, large, puncta-like expressions of mGluR2/3 & 5 were identified in large dendrites and soma region of these interneurons (e.g. Fig 3A2 &B2 ), raising the possibility that these mGluRs may be functionally relevant to the synaptic release of glutamate. In addition, we found that the mGluR8 expression was modest in GAD65-GFP cells (data not shown). The expression pattern of mGluR8 was similar to mGluR5 (cf. Fig 3B2) . (Fig 4A2 & D1) , as well as the large dendrites of GAD67-GFP negative cells (Fig 4D1) , indicates a potential role in the regulation of neuronal excitability. In addition, modest levels of mGluR8, but not mGluR5, were also detected in the somatic area of GAD67-GFP neurons (Fig 4B2 & C2 ). mGluR2/3 was not expressed in the somatic area of GAD67-GFP cells. To further validate cell-specific expression of mGluRs in FS interneurons, slices from GAD67-GFP mouse were triple labeled with antibodies of various mGluR receptors (mGluR1, 2/3, 5&8). A third monoclonal antibody against the calcium binding protein, PV was used to label fast-spiking and basket interneurons in layer IV barrel cortex (Jiao et al., 2006) . We have found significant expression of mGluR1 (similar to Fig 4A2, D1&E1 ) and modest expression of mGluR8 in the PV positive neurons (Fig 4D3 &E) . The pattern of expression of mGluR1&5 was similar (Fig 4D1 vs. D2 ): large puncta-like expressions were identified in large dendrites (longer than 2μm) of these interneurons as well as GFP-negative dendritic-like structures (Fig 4D1&2) . In contrast, the mGluR8 & 2/3 were found both in large dendritic-like puncta (longer than 2μm), as well as in more discrete small puncta like structures which were not colocalized with GFP-positive small puncta (e.g. Fig 4D3 &Fig 3A2) . The relative level of expression between PV+ and PV-neurons were compared among mGluR1, 5, 2/3 & 8. Similar differences were found in GAD67-GFP neurons and GAD65-GFP neurons (Fig 4E vs. Fig 3 C) . (Fig 6) , suggesting that the effects of CHPG on amplitudes of mEPSCs are mediated predominantly via postsynaptic mechanisms. In contrast, the increase in sEPSC frequency disappeared in TTX, suggesting that it was mediated via an excitatory effect on spontaneous firing rate in glutamatergic neurons. We next examined the effects of CHPG (1 mM) on electrically evoked
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EPSCs in RSNP vs. FS cells (Fig. 6 ). In cells with RSNP firing properties, local perfusion of CHPG (1mM) induced rapid and reversible inhibition of eEPSCs ( (Fig 7) .
Our results showed that L-AP4 (100 μM) induced significant inhibitory effects on the amplitudes of the eEPSCs in RSNP (48±6%, n=9, p<0.001) and FS cell groups (40±8%, n=8, p<0.01; Fig 7A1, B1 & D1) . Despite the large effect on amplitude, there was no significant effect on PPR (Fig 7D2) . This result suggests that similar to CHPG, L-AP4's effect occurs postsynaptically in interneurons. Unlike CHPG, L-AP4 had no effect on holding currents in both FS cells and RSNP cells (Fig 7A1&B1, Fig   8A2&B2) , suggesting that group III and group I mGluR receptors activate different downstream second messengers. To test these possibilities, we examined whether the effects of CHPG on eEPSCs and holding currents were occluded by L-AP4 application. As shown in Fig 8A1&2, (Fig 6) . In FS cells, CHPG had smaller effect on eEPSCs, but instead it evoked large changes in holding currents and conductance (Fig 6) . In both RSNP and FS cells, the CHPG had no significant effects on the paired-pulse ratio (PPR) of the eEPSCs (Fig 6A3, B3 &C2 (Fig 1) , 100% PV positive cells exhibit FS but not RSNP firing properties (Fig 1) . This is extremely convenient for us to study cell-specific expression of mGluRs. Indeed, we found that the level and were all expressed in postsynaptic (somatodendritic) sites of PV negative and GAD65-GFP positive cells (Fig 7) , consistent with a electrophysiological data which indicate postsynaptic effects of these receptors on glutamate transmission. In contrast, in PV positive cells, these receptors (i.e. mGluR2/3 and 5) were expressed at a significantly lower level (Fig 3C&4D) . In contrast, mGluR1 expression was significantly higher and was found at the soma and dendrites (as apposed to puncta e.g. MGluR2/3), which was also consistent with the role of mGluR1 agonist induced membrane depolarization in FS cells (i.e. PV positive cells). mGluR2/3-IR was stronger in puncta form in RSNP cells (Fig 3C2) , which is consistent with a bigger effect of APDC on EPSCs in RSNP cells than FS cells (Fig 8C) . However, the expression level of mGluR5 was inconsistent with the immuno-staining pattern.
Although CHPG induced robust depolarizations in FS but not RSNP cells, the mGluR5-IR appears to be stronger in PV negative cells and GAD65-GFP positive cells (Fig 3 &4) .
The third significance of these results was that these findings will help to provide 
